number of interactions and to interact with similar sets of species, a pattern more commonly observed for animals than plants (Rezende et al. 2007 ). There are abundant verbal models in the literature speculating about the potential causes of phylogenetic patterns in interaction networks. For example, evolutionary conservation of phenotypical and phenological traits seems to be the most reasonable explanation for the retention of similar interactions and number of interactions during animal and plant evolution (Wiens et al. 2010) . However, fundamental processes of biodiversity, such as dispersal and speciation (Vellend 2010 , Warren et al. 2014 , may also have an important role shaping the observed phylogenetic structure of mutualistic networks, as well as the observed differences between patterns of animal and plant phylogenetic structure (Rezende et al. 2007) . Although dispersal and speciation are thought of as ubiquitous processes, no model has been created to study the effect of these processes on the phylogenetic structure of mutualistic interactions.
Speciation, dispersal capacity and extinction are fundamental drivers of biodiversity patterns (Warren et al. 2014) . In a scenario of high diversification, low dispersal capacity and high geographic isolation, phylogenetically related species would tend to co-occur (Kisel and Barraclough 2010, Jetz et al. 2012) , potentially establishing ecological Integrating mechanisms behind the patterns of community assemblage and organismal interaction networks remains a conceptual challenge in ecology and evolutionary biology. Active research during the last decades has led to a plethora of hypothesized processes to explain patterns of community assemblage (Cavender-Bares et al. 2009 ) and species interaction networks (Bascompte and Jordano 2007, Sargent and Ackerly 2008) . However, little is known about how biogeographic processes, widely accepted to drive community assemblage, could affect the dynamics of species interactions in space and time (Poisot et al. 2014) . Biogeographic processes can directly influence species co-occurrence patterns (Warren et al. 2014 ) and local species abundance (Hubbell 2001) , which are important in the formation of local species interactions (Bascompte and Jordano 2007) . Consequently, theoretical models proposing fundamental processes and generating real world patterns in interactive communities would be of great benefit for theoretical advances and synthesis (Poisot et al. 2014) .
Recent advances in community phylogenetics have demonstrated the importance of evolutionary processes that shape community structures (Cavender-Bares et al. 2009 ) and species interactions (Gómez et al. 2010) . In functional interactions, such as pollination and seed dispersal, species that share common ancestry tend to retain a common
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interactions among themselves. Conversely, low evolutionary rates and high dispersal capacity should decrease the degree of phylogenetic clustering of communities (Barnagaud et al. 2014) , therefore reducing the chance of ecological interaction between closely related species. In addition to evolutionary mechanisms, stochastic processes have also been recognized as important drivers of community structures (Hubbell 2001 , Vellend 2010 . Even assuming that demographic processes occur randomly in populations of identical individuals, a series of ecological patterns emerge (Rosindell et al. 2012 , Hellweger et al. 2014 , which indicates that the same processes could be important drivers of phylogenetically structured networks. Thus, the role of dispersal and evolutionary rate in generating phylogenetically structured networks can be evaluated by excluding niche based processes and assuming ecological neutrality.
The neutrality assumption (lack of ecological distinction among individuals) has been the most debated topic of the Unified neutral theory of biodiversity (Hubbell 2001 , Rosindell et al. 2012 . Although any ecologist would agree that individuals vary within and between species, by ignoring the differences between individuals, neutral models ask whether realistic ecological patterns could emerge even in the absence of such differences. Thus, in neutral models individuals are subject to similar death, birth, dispersal and speciation rates, regardless of their species identity (Hubbell 2001) . Although numerous empirical tests of the neutral theory were performed during the last decade (Rosindell et al. 2011 , Hellweger et al. 2014 , only recently researches have started to investigate the ability of models that assume neutrality to replicate observed patterns of ecological networks (Krishna et al. 2008 ). In fact, recent studies have used null models to show that species interactions might not be so strongly dependent on species' traits (Vázquez et al. 2007, Olito and Fox 2015) , as patterns of species interaction can emerge even in the absence of ecological differences between species. These studies suggest that patterns of species interactions could be driven by local species abundance alone (Canard et al. 2012 , Dáttilo et al. 2014 .
Despite recent conceptual advances in neutral models, so far few studies have attempted to develop neutral models of ecological networks (Bell 2007 , Krishna et al. 2008 , Volkov et al. 2009 , Melián et al. 2011 ). These models, as the majority of neutral models (Rosindell et al. 2012) , are spatially implicit (but see Volkov et al. 2009 ) and do not explore whether emergent patterns of trait conservation (e.g. retention of interaction partners and number of realized interactions between closely related species) could emerge from neutral evolutionary dynamics. In fact, the gap in the literature is probably due to Hubbell's (2001) suggestion that neutrality should be limited to a single trophic group, as the assumption of ecological equivalence between individuals of distinct trophic groups could be too unrealistic (Rosindell et al. 2011 ). However, a multitrophic neutral model can still be conceptualized under the assumption of variation between traits of individuals of distinct trophic groups, as long as individuals within the same trophic group are ecologically homogeneous. By assuming that interacting groups of plants and animals could vary only in dispersal capacity and evolutionary rate, it would be possible to test if those processes and differences are important in generating empirical network structure, even assuming that interactions are randomly established between species of both groups.
Here, we developed a stochastic simulation model to study the evolution of two interacting groups of species, which evolve independently over the same geographical domain. In our model, individuals of the same trophic group share ecological traits, whereas individuals of different trophic groups are ecologically distinct. Our results suggest that even in the absence of ecological differences between individuals, and disregarding any conservation of phenotypical and phenological traits between species that could restrict interactions between close related species, the interplay of dispersal and speciation is still a major driver of complex phylogenetic structure of functional interactions, such as pollination and seed dispersal.
Material and methods

Model assumptions and purpose
We developed a neutral individual-based model in which two interacting groups evolve independently, in an explicit and artificial geographical domain. Neutral models purposely lack several ecological processes, which are therefore useful to evaluate the importance of the missing mechanisms as drivers of empirical ecological patterns (Rosindell et al. 2010 (Rosindell et al. , 2012 . Our model assumes that dispersal, speciation, interactions and demographic events are random and occur in saturated communities. These assumptions maintain a concise link between the assumptions of the Unified neutral theory of biodiversity (Hubbell 2001 ) and randomly mediated interactions (i.e. neutral interactions) of network ecology (Vázquez et al. 2009 ). In our model, interacting groups differ in ecological traits of dispersal capacity, evolutionary rate, death and birth probabilities, but individuals within the same interaction group are ecologically homogeneous.
The neutral dynamics of dispersal, speciation and demographic stochasticity are simulated independently for each interaction group, and interactions between species of both groups are randomly established, not affecting any neutral process. The model can be used to understand if empirical phylogenetically structured interaction networks could emerge even in the absence of niche based processes. We applied our neutral individual based model to understand if the recurrence of phylogenetically structured networks of pollination and seed dispersal interactions could be explained by the interplay of dispersal and evolutionary rate without invoking niche differences between individuals of different species.
Model dynamics
Two trophic groups, 'i' and 'j', evolve independently in a 10  10 spatial domain. Thirty individuals of each trophic group constantly populate all cells in the domain, following a zero-sum assumption of communities' saturation. As in Davies et al. (2011) and Boucher et al. (2014) , at each time step, and for each trophic group, an individual is randomly selected. The randomly chosen individual may speciate at a given probability depending on its trophic group (u i , u j ), or die at a given probability depending on its trophic group (1 -u i , 1 -u j ). If the randomly chosen individual dies, an empty slot emerges in the grid cell, which is then recolonized by another individual. The new colonizing individual may be an offspring of a randomly chosen individual of the same trophic group within the eight adjacent cells (dispersal rate: m i and m j ; Moore neighborhood), or a descendent of a randomly chosen individual in the same cell (1 -m i , 1 -m j ). Thus, the neutral dynamics here simulated assumes variations between traits (m and u) of individuals of distinct trophic groups as long as individuals within the same trophic group are ecologically homogeneous (neutrality assumption).
Each model run simulates the evolution of two trophic groups over 4500 generations. The length of each generation equals the number of time steps equal to the total number of individuals in the domain (Boucher et al. 2014) .
Speciation modes
Here, we modeled four different modes of random speciation: point mutation, random fission, equal split and allopatric speciation. Different neutral speciation modes generate different predictions for rank-abundance distribution and phylogenetic tree topologies (Davies et al. 2011 ). Since abundance is important in the definition of species interactions and phylogenetic tree topologies could be important in the phylogenetic structure of interaction networks, we tested the sensitivity of model predictions under different speciation modes.
In point mutation, random fission and equal split modes, the abundance of emergent species can be calibrated (incipient species abundance: Js). Three types of calibrations are commonly used. In (a) point mutation speciation, a single individual is designated as a new species (Js  1; Hubbell 2001). In (b) random fission mode (Etienne and Haegeman 2011) , Js represents a random integer, sampled from a uniform distribution, ranging between one and half of the population in the cell of the species of the chosen individual (Hubbell 2001) . Finally, in (c) equal split mode, Js is always half of the population in the cell of the species of the randomly chosen individual (Davies et al. 2011) .
Allopatric speciation modes have rarely been used in neutral theory (Davies et al. 2005 , Pigot et al. 2010 , Boucher et al. 2014 . Following Boucher et al. (2014) , in our model, an allopatric speciation event occurs when a barrier of random orientation emerges in the geographical domain, bisecting the range of the randomly chosen species. To implement allopatric speciation mode following the philosophy of neutral models dynamics (Rosindell et al. 2012 ), a 'barrier' emerges from the grid cell where the randomly chosen individual is located. The barrier bisects the species' range, therefore generating two descendant species (Boucher et al. 2014) . Different from the other speciation modes, which involve only individuals of the species occurring in the selected cell, the barrier divides the whole range of the species of the randomly chosen individual, across the entire geographic domain, generating two isolated sister species. We included allopatric speciation events in the model because most of the discussions regarding community assembling are focused on allopatric speciation modes (Cavender-Bares et al. 2009 , Warren et al. 2014 .
Despite recent implementations of more realistic speciation modes in neutral models (Rosindell et al. 2010, Desjardins-Proulx and Gravel 2012) , all random speciation events are phenomenological and modeled as instantaneous for the sake of simplicity and computational tractability (Davies et al. 2011 , Boucher et al. 2014 ), although they are probably gradual processes taking place over broad spatial scales.
Species neutral interactions
In our neutral model, individuals of the same trophic group share ecological traits of dispersal, speciation, death and birth probabilities. However, neutrality is assumed to be independent for each trophic group. Thus, there may be ecological differences between individuals of different trophic groups. Conversely, all individuals of the same trophic group are ecologically identical. Finally, because carrying capacity is set for each trophic group, individuals of different trophic groups do not compete.
The neutrality of interaction networks (Vázquez 2005 ) assumes that interactions between species are random and their frequencies explained by abundance alone. Random interactions are thus assumed in order to test if trait matching between different species (i.e. forbidden links) is important in structuring ecological networks (Vázquez et al. 2007 , Dáttilo et al. 2014 , Olito and Fox 2015 . Although different species traits could be incorporated in neutral models, under different inheritance rules, these traits would have to be neutral to not violate the neutrality assumption of the model. Thus, here we did not model species phenotypical or phenological traits that could restrict interactions between species and create forbidden links, as the model would consequently depart from neutrality. Thus, interactions are defined strictly at random, in order to maintain the traditional methodology of neutral interactions in network ecology (Olito and Fox 2015) .
The two trophic groups implemented in our model have the potential to interact. The probability of interaction is governed by a single parameter: t. Each species has the same chance of interacting with co-occurring species. However, abundant species are more prone to interact randomly with multiple partners than rare species, since they have a higher chance of co-occurring with multiple species across their geographic distribution. As in Krishna et al. (2008) , we assume that all species must interact at least once. Interaction partners and number of realized interactions (degree) are the result of neutral dynamics that drive species' distribution and random interactions between species that co-occur in space. Ecological interactions are usually associated with phenotypical constraints between species (Vázquez 2005, Santamaría and Rodríguez-Gironés 2007) . As in several null models applied to complex networks (Vázquez et al. 2007, Olito and Fox 2015) , here we purposely disregarded the effects of phenotypical and phenological constraints between species, and assumed autocorrelation in the simulated phylogenies evolving under neutral processes.
The number of interactions that a species holds in the ecological network is the degree of the species in the network. Thus, here we calculated species degree as the total number of interactions for each species of the networks. Rezende et al. (2007) report that 24.8% of empirical mutualistic networks have significant phylogenetic signal in the number of species interactions measured by Blomberg's K. Using the Moran's I autocorrelation index we found that I  0.18 is the upper-tail cut-off value that represents 24.8% of the most phylogenetically autocorrelated networks. In other words, for 24.8% of empirical networks, Moran's I  0.18. We quantified the number of times that we found Morans' I equal or higher than 0.18 in the first distance class of simulated phylogeny and species degree, and tested if our neutral model is capable of replicating empirical observations.
Simulation was implemented and compiled in Object Pascal programming language, using statistical libraries from SAM (spatial analyses in macroecology, Rangel et al. 2010) and PAM (phylogenetic analysis in macroecology, Rangel et al. 2015) .
Results
Correlations between phylogenetic distance and ecological distance
The frequency of significant positive correlations between ecological and phylogenetic distances is inversely related to dispersal rate (Fig. 1) . If dispersal probability is high, closely related species will likely not be in the same geographical that interactions are randomly mediated. Although any ecologist would agree that interactions are not neutral, neutral interactions allow us to test the importance of macroevolutionary processes in phylogenetic structure of networks, under assumption of complete absence of phenotypical differences between species.
Data and analyses
In this study, we used the data previously compiled by Rezende et al. (2007) (Supplementary material Appendix 1  Table A1 ), which consist of 36 plant-pollinator networks, 23 seed-dispersers networks, and the respective phylogenies for plants and animals of each network. Rezende et al. (2007) found that empirical pollination and seed dispersal networks have unequal frequency of positive correlations between phylogenetic distance and ecological distance. While animals show positive and significant correlations between ecological and phylogenetic distances in 60.8% of the empirical networks, it is only in 25% of studied empirical networks that plants show significant positive correlations.
We investigated how ecological differences between the interaction groups, with regard to dispersal and speciation rates, affect model's predictive power of phylogenetically structured networks. First, we explored how variation in each model parameter changes the percentage of positive correlations between simulated phylogenetic and ecological distances. In addition, to further investigate the role of dispersal capacity as a driver of phylogenetic structure in simulated networks, we varied only the parameter that governs dispersal probability, while all additional parameters were left constant.
We calculated the tendency of phylogenetically related species to interact with similar set of species in simulated networks using a Mantel correlation between phylogenetic distance and ecological distance, and described the number of positive and significant correlations (Rezende et al. 2007 ). Ecological distance was calculated by a Jaccard dissimilarity index, 1 -S k,l  a/(a  b  c). Given the pair of species k and l, a represents the number of shared interaction partners between the pair of interacting species, b is the number of exclusive interactions of k, and c is the number of exclusive interactions of l. The mantel correlations are calculated for both lower (species in the rows of interaction matrices, commonly assigned for animals) and higher (species in the columns of interaction matrices, commonly assigned for plants) interaction groups. Rezende et al. (2007) described the tendency of species to retain a common number of realized interactions using Blomberg's K. In contrast, ecological and evolutionary processes implemented in our simulation represent the null expectation of evolution driven by random events across space and time. Thus, instead of contrasting our model predictions against the standard expectation of Brownian motion evolution, we used the Moran's I autocorrelation index (Diniz-Filho 2001) to describe the statistical propensity of closely related species to retain similarities in the number of interactions. Moran's I does not assume any null expectation of trait evolution and is suitable to describe the phylogenetic Phylogenetic structure Figure 1 . Phylogenetic structure for the two lower (red curve) and higher (green curve) interaction groups with varing dispersal rates. Phylogenetic structure is measured by the frequency of positive and significant correlation between simulated phylogenetic and ecological distance based on 100 simulation replicates. Circles and triangles represent the mean phylogenetic structure respectively of lower and higher phylogenetic groups. Speciation and interaction probability were constant, while only dispersal was varied independently for each trophic group (u i  0.001, u j  0.0014, t  0.4, mode  point mutation).
( Fig. 3) . High probability of interaction increases the recurrence of phylogenetic structure in simulated networks. To purposely eliminate any phenotypical or phenological mechanism driving species interaction, t includes a random chance of interaction between co-occurring species of different interaction groups. Thus, high values of t increase the chances of co-occurring species interact with the same set of partners. If there is any phylogenetic relationship between co-occurring species, high probability of interaction increases the chances that phylogenetically related species interact with the same set of partners. Our results suggest that multiple processes (probability of species interaction, speciation and dispersal) interact to drive the occurrence and absence of phylogenetic structure observed in empirical ecological networks (Table 1) , disregarding niche differences between individuals of different species. Thus, it is possible to reproduce the empirical phylogenetic structure observed for animals and plants 1) assuming equal dispersal capacity and differences in evolutionary rate, 2) equal evolutionary rate and differences in dispersal abilities, or 3) interactions of differences in dispersal and evolutionary rate at the same time. Different speciation modes do not change the emergent patterns (Supplementary material Appendix 1 Table A2 ).
Phylogenetic signal of interaction degree
Allopatric speciation was the only speciation mode capable of reproducing empirical phylogenetic signal of species degree (Table 1) . Contrary to other simulated speciation modes (point mutation, random fission and equal split), allopatric speciation mode bisects species range across the entire geographical domain. Thus, the abundances of incipient species are more prone to be similar, increasing the chance of closely related species to share similar number region, therefore decreasing the probability of interacting with similar sets of partners. In the opposite scenario, in which dispersal probability is low, closely related species will tend to coexist, potentially interacting with similar sets of species, even if interactions are randomly stablished. Minor changes in dispersal limitation are capable of explaining minute changes in the recurrence of phylogenetically structured networks (Fig. 1, Supplementary material Appendix 1 Fig. A1) . Thus, the recurrence of phylogenetic structure in ecological networks can be strongly determined by dispersal limitations between animals and plants.
Conversely, high recurrence of phylogenetically structured networks in each interaction group is associated with high speciation probability (Fig. 2 , Supplementary material Appendix 1 Fig. A2 ). High recurrence of speciation events increase the accumulation of phylogenetically related species in the same locations, therefore increasing the probability of closely related species interacting with similar sets of partners. The same effect of speciation probability occurs when considering different speciation modes, even the allopatric speciation (Supplementary material Appendix 1 Fig. A3 ). If allopatric speciation mode is frequent, many speciation events will occur in rare species that have restricted spatial distribution. Thus, random allopatric speciation events will occur even in small spatial scales if the randomly chosen individual is a member of a rare species. Thus, minor changes in speciation probability is also capable of explaining minute changes in the recurrence of phylogenetically structured networks (Fig. 2 , Supplementary material Appendix 1 Fig. A2 ), even assuming different speciation modes (Supplementary material Appendix 1 Fig. A5 ).
We also found that probability of interaction (t) has a positive relationship with phylogenetic structure of networks Figure 2 . Phylogenetic structure for the two lower (red curve) and higher (green curve) interaction groups with varing speciation probability. Phylogenetic structure is measured by the frequency of positive and significant correlation between simulated phylogenetic and ecological distance based on 100 simulation replicates. Circles and triangles represent the mean phylogenetic structure respectively of lower and higher phylogenetic groups Dispersal and interaction probability were constant, while only speciation was independently varied for each trophic group (m i  0.04, m j  0.01, u i  0.001, u j  0.0014, mode  point mutation). Phylogenetic structure is measured as the frequency of positive and significant correlation between simulated phylogenetic and ecological distance based on 100 simulated networks. Squared represent the mean phylogenetic structure of neutral networks. Dispersal and speciation probability were constant, while only dispersal was independently varied for each trophic group (m i  0.04, m j  0.01 , t  0.4, mode  point mutation).
of interactions. In all other speciation modes, one daughter species is always endemic and rare, therefore closely related species do not tend to share similar degree (number of interactions per species).
Discussion
Complex interaction networks, such as pollination and seed dispersal, have recurrent phylogenetic structure, in which related species have a tendency to share a similar number of interactions. Additionally, phylogenetically related animals interact with similar set of phylogenetically related plants and vice versa (Rezende et al. 2007 ). This phylogenetic pattern is more commonly observed in animals than in plants, and may be driven by differences in dispersal and evolutionary rate. However, tests of the underlying drivers of phylogenetic patterns in ecological network are limited by data availability. Here, we used a quasi-experimental approach, implemented through a stochastic neutral simulation model, to test if differences in dispersal and evolutionary rates are able to replicate empirical phylogenetic structure of mutualistic networks. In our model, only the interplay of dispersal and speciation affects species interactions, since interactions are purposely assigned at random. We showed that dispersal and evolutionary rate might be, at least partially, responsible for the formation of phylogenetically structured networks. Positive correlations between phylogenetic distance and ecological distance are recurrent under low dispersal ability and high evolutionary rate. Our simulation shows how history of dispersal and speciation events is able to shape phylogenetically structured interactions, a frequent structure found across the entire tree of life (Gómez et al. 2010) . It is highly accepted that dispersal and speciation are key underlying mechanisms driving community assemblage (Ricklefs 2004 , Vellend 2010 . Biodiversity dynamics in space and time are governed by species' origin (speciation), geographic distribution, and extinction (Warren et al. 2014) . Evolutionary history, driven by the interplay of speciation and dispersal in space and time, is being used to explain the classical co-occurrence patterns in community phylogenetics (Cavender-Bares et al. 2009 , Villalobos et al. 2013 , Barnagaud et al. 2014 ). In our model, dispersal capacity and speciation are the drivers of patterns of interaction networks. Thus, low speciation rate and long distance dispersal capacity decrease frequency of geographic co-occurrence between closely related species (Barnagaud et al. 2014) , therefore yielding interaction networks that are not phylogenetically structured. Conversely, high speciation rates and low dispersal capacity may promote range overlap (Ricklefs 2006 , Kisel and Barraclough 2010 , Jetz et al. 2012 and interaction between closely related species. Historical imprints driven by interplays of speciation and dispersal are expected to underlie the formation of phylogenetically structured networks.
Correlation between phylogenetic and ecological distance is less frequent in plants (Rezende et al. 2007) . Our model suggests two alternative scenarios to this pattern: 1) plants have higher dispersal capacity than animals and similar Table 1 . Capacity of different parameter sets to reproduce empirical patterns of mutualistic networks. Different combinations of dispersal and speciation are capable of replicating the empirical phylogenetically structured networks. Dispersal rate may be set as a constant for both trophic groups as differences in evolutionary rate is able to generate empirical observations of phylogenetically structured networks. Conversely, evolutionary rate may be set constant between trophic groups, as differences in dispersal capacity is able to generate empirical observations of phylogenetically structured networks. PS: phylogenetic structure of the network. It represents the percentage of networks with positive and significant correlations between phylogenetic distance and ecological distance; PS animals: phylogenetic structure of animals in mutualistic networks; PS plants: phylogenetic structure of plants in mutualistic networks; m i : dispersal rate of the higher trophic group; m j : dispersal rate of the lower trophic group; u i : speciation rate of the higher trophic group; u j : speciation rate of the lower trophic group; t: interaction probability; Mean PS: mean phylogenetic structure of simulated networks based on 100 replications. Mean Psi: mean phylogenetic structure of the i trophic group based on 100 replications. Mean Psj: mean phylogenetic structure of the j interaction group based on 100 replications. disregarding such processes, the interplay of dispersal and speciation is still a major driver of complex phylogenetic structure of functional interactions, such as pollination and seed dispersal. Thus, our results have broad implications to a more profound understanding of the processes behind the emergence of phylogenetically structured network.
evolutionary rates. In fact, dispersal events are more frequently observed in plants than in animals (Sanmartín and Ronquist 2004) . Alternatively, 2) animals have higher evolutionary rates than plants. In seed dispersal networks, the dispersal events of plants are tightly linked to the dispersal capacity of animals. Then, differences in evolutionary rate alone could drive the observed phylogenetic structure. The diversification of flowering plants is extraordinary (Ehrlich and Raven 1964) , but insects are far more diverse (Rieseberg and Willis 2007) , and the observed differences in evolutionary rates in plant-insect interactions could drive the phylogenetic relationship.
We also found that interaction probability, the parameter that mediates the probability of interaction between a pair of species, is an important driver of phylogenetically structured networks. Neutral models purposely lack several ecological processes (e.g. ecological difference among species), which are therefore useful to evaluate the importance of the missing mechanisms as drivers of empirical ecological patterns (Rosindell et al. 2010 (Rosindell et al. , 2012 ). In our model, interaction between species is defined randomly, as opposed to some biological trait of individuals. If two closely related species co-occur, but the probability of interaction is low, the pair of species will unlikely interact with the same set of species. Conversely, high probability of interaction and co-occurrence in space and time increases the chance of similarity of sets of interacting species.
Species emerging from allopatric speciation may be relatively abundant and widespread (Davies et al. 2005 , Boucher et al. 2014 . In fact, it is possible that two sister species share similar range size and abundances (Pigot et al. 2010) , therefore potentially interacting with similar numbers of species, even when interaction is randomly defined. Conversely, point mutation, equal split and random fission modes generate incipient species with low abundance and small geographic range (Davies et al. 2011) , which is less likely to interact with the same number of species as its sister species. The discrepancy in range size and abundance of species emerging from allopatric and the other three speciation modes is the underlying mechanism behind the differences in predicted phylogenetic signal. It is important to note that speciation modes in neutral models are recurrently criticized (Rosindell et al. 2010, Desjardins-Proulx and Gravel 2012) . Neutral speciation modes are just phenomenological and there is a need to further explore sympatric speciation models adding explicitly sexual or ecological selection (Rosindell et al. 2015) to study the matching between the phenomenological and the explicit speciation models. This strategy would offer a fair investigation of the speciation modes used in neutral models. For the moment, exploring different predictions of different neutral speciation modes is necessary since they might present different predictions of biological patterns (Davies et al. 2011 , Boucher et al. 2014 .
To the best of our knowledge, this is the first study to demonstrate that only the interplay of past dispersal and speciation events could drive the occurrence of phylogenetically structured network and phylogenetically non-structured networks in complex functional interactions. Although the phylogenetic structure of interaction networks could be linked to the conservation of phenotypical and phenological traits (Wiens et al. 2010 ), here we demonstrate that even
